Background: The factors contributing to blood transfusions in patients with anemia of chronic disease are not well documented in the literature. We analyzed all blood transfusion events within a single oncology practice to determine if certain chemotherapy drugs, cancer types, or other factors necessitated more frequent transfusions.
INTRODUCTION
Anemia of chronic disease (ACD) is common in patients with cancer [1] . It is characterized by erythroid hypoplasia, inadequate serum erythropoietin (EPO) levels in response to the anemia, and poor iron reutilization by the bone marrow [2, 3] . Anemia in cancer patients is often exacerbated by myelosuppressive chemotherapy and may also be aggravated by radiation therapy. Cancer patients may experience such severe anemia that red blood cell (RBC) transfusions are required for symptomatic palliation.
Relying on blood transfusion to support chemotherapy patients is not the optimal strategy. Risks associated with blood transfusion include infectious disease transmission (cytomegalovirus [CMV] , hepatitis, HIV), allergic responses, noncardiogenic pulmonary edema, alloimmunization, and hypervolemia, which can lead to cardiac failure [4] [5] [6] . Over the last decade, the observation that ACD is often associated with inadequate EPO levels and increased awareness of the risks associated with transfusion have led to the treatment of the anemia of cancer with recombinant EPO (epoetin). This treatment can elevate hemoglobin levels in over 50% of anemic cancer patients and, thus, reduce the need for blood transfusions. Patients who respond to treatment with epoetin experience an elevated overall performance status, an improvement in their symptoms of anemia, and an enhanced quality of life, independent of their response to cancer treatment [6] [7] [8] [9] [10] .
Epoetin might also play a role in the prevention of anemia in patients starting chemotherapy. While data indicate that this strategy is effective, an improvement in quality of life by this approach has not yet been demonstrated [11] . Recognizing this limitation, it is important to predict which cancer patients will have the most severe need for a blood transfusion during their course of treatment. While there is one retrospective cohort study in the literature that addresses the frequency of blood transfusion by primary tumor site, there are no studies analyzing which chemotherapy drugs are most commonly associated with severe anemia [1] .
Estrin, Schocket, Kregenow et al. 319 In the United States, more than 12 million units of blood are collected each year and some one million RBC units are given to anemic cancer patients [12] . While data are available to document the frequency of anemia associated with many of the commercially available chemotherapy drugs, very little information is available to document the actual need for RBC transfusions in their patients. In a study of 381 patients in the London (Ontario) Regional Cancer Center treated in 1989, Skillings described the diagnosis and treatment regimens of 75 patients who received RBC transfusions in this patient cohort [1] .
The purpose of our study was to review all transfusion episodes in a single oncology practice population during the year 1995. Patients were analyzed by type of cancer diagnosis and type of cancer treatment, if any. Each of these patients and their transfusion episodes were examined to find which risk factors produced the most severe need for a blood transfusion as measured by the drop in hemoglobin from baseline and the total number of RBCs received. This retrospective study attempts to identify the categories of patients who are most likely to receive a blood transfusion during the course of their cancer treatment. This information, currently not readily available in the literature, may help physicians select patients who can benefit from prophylactic administration of epoetin.
METHODS
In a retrospective review, we analyzed all cancer patients receiving treatment during 1995 in a single oncology practice at the Graduate Hospital in Philadelphia. Only patients who also received a blood transfusion in 1995 were included. The patient charts were reviewed and information about their diagnosis, course of treatment, and outcome was obtained. The following information was extracted from their charts: diagnosis date, diagnosis location, diagnosis type, past or present chemotherapy (dates and type), radiation therapy (date), Epoetin Alfa (Procrit, Ortho Biotech; Raritan, NJ) therapy (dates), transfusions prior to 1995, and baseline hemoglobin level. The baseline hemoglobin level was defined as the earliest recorded hemoglobin level following diagnosis, usually just prior to the initiation of cycle one of chemotherapy. These patients were then cross-referenced with the blood bank database at the Graduate Hospital to determine when these patients received transfusions, how much they were transfused, and the type of transfusion. These dates were cross-referenced back to the charts and to computerized inpatient lab records to determine the hemoglobin level at the time of transfusion.
A statistical analysis was performed to determine the effects of different patient variables, diagnosis type, and therapies involved on the need for transfusions. Transfusion-free days were defined as the time between chemotherapy treatment and first transfusion. The drop in hemoglobin was defined as the baseline hemoglobin level minus the hemoglobin level at first transfusion. A Kaplan-Meier analysis was used to evaluate these variables. The Kruskal-Wallis chisquared test was used to evaluate baseline hemoglobin and the effects on transfusion requirements.
For each diagnosis type, Kaplan-Meier analysis for median transfusion-free days was done, and the diagnoses with significant frequency were compared. A KruskalWallis chi-squared test was used with multiple comparisons between diagnoses to look at both transfusion variables as well as the drop in hemoglobin. The Mann-Whitney test was used to compare each diagnosis versus all others while evaluating the transfusion variables. The Kaplan-Meier test was used to compare each diagnosis versus all others while evaluating the median transfusion-free days.
The Mann-Whitney test was used to evaluate the effects of prior chemotherapy, radiation therapy, and Epoetin Alfa therapy on the transfusion variables. The Kruskal-Wallis chi-squared test involved a four-way comparison among patients who were newly diagnosed, previously treated, previously transfused, and lacking any history of transfusion. Kaplan-Meier analysis was used to determine if prior chemotherapy or Epoetin Alfa therapy had any effect on the median transfusion-free days. The Mann-Whitney test was used to examine prior chemotherapy, Epoetin Alfa therapy, or radiation therapy and their effects on the drop in hemoglobin. This test also compared the effect of the various drugs on the number of transfusions, the amount transfused, and the drop in hemoglobin. Differences in the median transfusion-free days for each drug were evaluated using Kaplan-Meier analysis.
RESULTS
Three hundred thirty-one patients received chemotherapy in 1995. This retrospective study includes 103 patients, 53 females and 50 males, who had a blood transfusion during this calendar year. Fifty-one of these patients were Caucasian and 45 African-American. Three patients required only platelet transfusions and are thus not included in the analysis of RBC transfusions. Nine additional patients required platelet transfusions in combination with RBCs. The average number of RBC units given for a transfusion event was 5.1. However, since 46 units were given to one patient, a median of three units per transfusion event is a more accurate reflection of the data. Thirty-eight patients received two units, typical for transfusion events. The average number of transfusion events per patient was 2.3, with a median of slightly more than one event. Forty-six patients had only one transfusion event. 320 
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The average hemoglobin level at time of transfusion was 7.9 g/dl. These figures were identical when first 1995 transfusion events were averaged separately. The lowest hemoglobin level at first transfusion was 4.3 g/dl while the highest was 15.0 g/dl. The highest number of patients, nine, were transfused at 7.4 g/dl. The median drop in hemoglobin level from baseline to first transfusion was 3.3 g/dl (range 0.1 to 8.5 g/dl; eight patients experienced a rise in hemoglobin before transfusion). The median drop for females was 3.4 g/dl versus 3.1 g/dl for males. There were 56 patients over the age of 60. Their average hemoglobin at transfusion was 8.1 g/dl compared to patients younger than 60 years who had a mean hemoglobin at transfusion of 7.6 g/dl (p < 0.01).
Sixty-five patients had their first transfusion in 1995 following the initiation of a chemotherapy regimen. Twentytwo patients had a transfusion in 1995 prior to beginning chemotherapy and 16 patients received radiation therapy instead of chemotherapy. Three patients received both chemotherapy and radiation. There was no significant difference in hemoglobin levels at transfusion attributed to radiation therapy. For the 65 patients with a transfusion following chemotherapy, 73 (± 22) days was the median time period from the beginning of cycle one to the first transfusion. Four patients were transfused during the first week of cycle one while the longest a patient went without a transfusion was slightly more than a year at 371 days. Also, the most severe drops in hemoglobin occurred sooner, as drops larger than the median occurred over a median of 70 days compared to drops below this average, which happened over a median of 105 days. Overall, the rate of the hemoglobin drop was 0.045 g/dl per day.
We analyzed past experiences with chemotherapy and blood transfusions. Forty patients received transfusions prior to 1995, 18 of which were associated with a prior course of chemotherapy. In all, 34 patients had a previous cycle of chemotherapy ending prior to the beginning of 1995. Past chemotherapy led to a seemingly more liberal transfusion practice as those with previous chemotherapy were transfused at 8.3 g/dl compared to 7.7 g/dl for those who were chemotherapy naïve (p = 0.08). There was no difference observed in the drop in hemoglobin levels based on past chemotherapy regimens. In addition, transfusion history was only relevant for the 34 patients with prior chemotherapy, although the numbers, 8.6 g/dl for a positive transfusion history versus 7.9 g/dl for a negative transfusion history, did not reach significance. Out of the 66 chemotherapy-naïve patients, both transfusion-naïve and transfusion-experienced patients had their first transfusion at 7.9 g/dl. These demographic data are summarized in Table 1 .
Twenty-two patients received Epoetin Alfa in 1995. The greatest use of Epoetin Alfa within a disease category was for breast cancer (36%), genitourinary cancer (43%), and sarcoma (43%). The average hemoglobin level at all transfusion events was significantly lower for those receiving Epoetin Alfa, (7.3 g/dl versus 8.0 g/dl) (p = 0.05). The transfusion-free days for those on Epoetin Alfa was shorter, with a median of 71 (±4) days, compared to a median of 84 (±45) days for those not on this growth factor. However, an analysis of the most severely anemic patients indicated that their median transfusion-free days were extended by the administration of Epoetin Alfa. From the 25% of study patients with the most severe need for a transfusion, those not on Epoetin Alfa were transfused within 27 days, while those on Epoetin Alfa were transfused within 45 days. The relative differences in hemoglobin levels by specific primary site of diagnosis were also analyzed. Only breast cancer (n = 14, 13.6%), gastrointestinal (GI) tract cancer (n = 27, 26.2%), and lung cancer (n = 21, 20.4%) had a sufficient number of patients to be considered sufficient for analysis. Other cancers not considered were genitourinary (n = 7, 6.8%), gynecologic (n = 7, 6.8%), and sarcoma (n = 7, 6.8%). For breast cancer, 57.1% had prior chemotherapy, 21.4% received radiation therapy, 35.7% received Epoetin Alfa, and only 14.3% had prior transfusions. For GI cancer, 22.2% had prior chemotherapy, 14.8% received radiation therapy, 14.8% received Epoetin Alfa, and 29.6% received previous transfusions. For lung cancer, 28.6% received previous chemotherapy, 28.6% received radiation therapy, none received Epoetin Alfa, but 52.4% received previous transfusions. Finally, median transfusion-free days were evaluated for patients who were not transfused on the same day as they started their first cycle of chemotherapy. These data are compared in Table 2 .
The transfusion severity index (TSI) measured how aggressively each category of patient was transfused. It combined two variables by multiplying the drop in hemoglobin from baseline to first transfusion by the intensity of transfusion (the number of units of RBCs transfused).
Higher index values represent a more severe need for a transfusion during the course of the cancer therapy. Among the three major primary sites of diagnosis, only GI cancers had a significantly higher TSI compared to the standard of 16.8 for all transfused patients.
We also analyzed the results by chemotherapy agent. Of the 103 patients in this study, all but 18 received chemotherapy either prior to or during 1995. Patients receiving each chemotherapy agent were also compared to those patients not receiving that particular agent. These analyses showed that the patients treated with cisplatin and etoposide experienced a significantly higher rate of transfusion (p = 0.04 for both). In addition, patients treated with ifosfamide were transfused with an overall larger number of units of RBCs (p = 0.05). These variables for each chemotherapy agent are provided in Table 3 . Comparing the TSIs for each category with the standard of 16.8 reveals that patients treated with etoposide 23.1 and 5-fluorouracil (5-FU) 24.8 had a significantly more pressing need for a transfusion during the course of their therapy.
DISCUSSION
Anemia is very common in cancer patients receiving chemotherapy. Blood transfusion and/or recombinant EPO (epoetin) may be used to palliate the symptoms associated with anemia, yet the frequency of blood transfusion in oncology practice is not well described in the literature. In this retrospective analysis, we report our experience over one year in a single oncology practice with regard to the diagnosis and treatment of 103 patients who received a blood transfusion.
Typical of blood transfusion in most of oncology today, the average hemoglobin at transfusion in our patients was 7.9 g/dl. However, patients over 60 years of age were transfused sooner (8.1 g/dl) than those under 60 years old (7.6 g/dl). Patients without previous bone marrow suppression from cancer treatment and no history of blood transfusion were generally not transfused until a lower hemoglobin (7.1 g/dl) versus those who had previously been transfused who were transfused at a higher hemoglobin (8.1 g/dl). Within this sample the most common primary site of diagnosis was gastrointestinal cancer, and the chemotherapy drug most often associated with a transfusion was cisplatin. The lowest average hemoglobin at the time of transfusion was in breast cancer patients, and the greatest number of units transfused was in gastrointestinal cancer patients, but these differences did not reach statistical significance. The lowest hemoglobin at transfusion over all patients was found in the sarcoma patients at 7.1 g/dl. This was probably because these patients were younger and their chemotherapy regimens were more myelosuppressive.
To better describe the tendency to avoid blood transfusion in some patients and/or regimens, we developed a TSI. The TSI is obtained by multiplying the drop in hemoglobin from baseline to first transfusion by the number of RBC units transfused. A low TSI indicated a population that is more likely to tolerate low hemoglobin levels. Conversely, a high TSI is indicative of a population that was more likely to require a blood transfusion. Thus, patients with higher TSIs were deemed more likely to require a blood transfusion to maintain a tolerable quality of life. Sarcoma patients had the lowest TSI while GI cancer patients had the highest TSI.
Of the chemotherapy drugs employed in this study, doxorubicin was associated with the lowest hemoglobin at transfusion. The highest transfusion rate occurred with cisplatin, etoposide, and 5-FU therapy. The largest number of units transfused occurred with either etoposide or 5-FU; and ifosfamide-treated patients had the largest drop in hemoglobin, probably because of the high-dose ifosfamide Twenty-two of our 103 patients received Epoetin Alfa therapy for their anemia. Breast cancer patients had the greatest percentage of Epoetin Alfa use and they also had the largest transfusion-free interval, but this observation was not significantly different when compared with all the other cancer patients. We speculate that the greater Epoetin Alfa use in breast cancer delayed the need for the first transfusion in these patients.
In the only other published observational study of this type, 381 cancer patients were treated at the London (Ontario) Regional Cancer Centre in 1989; and 75 (19%) received a blood transfusion [1] . Leukemic patients were the most often transfused (78%) followed by lung cancer patients (34%). In the large phase III, double-blind, placebo-controlled American trial of Epoetin Alfa in 413 anemic cancer patients, 200 received placebo. These 200 placebo patients comprise a prospectively followed cohort with a well-documented transfusion history. Out of these 200 patients, 135 received chemotherapy and 56 (41%) received a blood transfusion. The most common diagnoses were lung cancer (62%), myeloma/chronic lymphocytic leukemia/lymphoma (59%), gynecologic cancer (58%), and breast cancer (50%) [6] . By comparison, a similar Italian trial of 100 cancer patients receiving Epoetin Alfa or placebo, 58% of the placebo patients were transfused [11] .
Why is anemia important when managing cancer patients and why are anemic cancer patients transfused? Certainly, the answer is that anemia can cause symptoms of fatigue and malaise. Relief of anemia palliates these symptoms and improves the patient's quality of life. The American epoetin trial of anemic cancer patients demonstrated a significant improvement in quality of life in those Epoetin Alfa-treated patients whose hematocrits increased six percentage points versus controls [6] . In two follow-up phase IV open label studies of epoetin in more than 4,000 anemic cancer patients on chemotherapy, there was a significant improvement in quality of life in those patients whose hemoglobin levels increased, independent of whether or not they responded to the chemotherapy employed [9, 10] . Fatigue may be even more important to cancer patients than pain [13] .
In summary, we report here our observations over one year of a retrospective cohort of general oncology patients who required at least one blood transfusion. While breast, GI, and lung cancer patients were the most often transfused, this probably simply represents their greater frequency in oncology overall. We have shown that higher blood transfusion rates are seen with breast, GI, and lung cancer and that cisplatin, etoposide, and 5-FU are the chemotherapy drugs most often associated with anemia severe enough to require blood transfusion. Certainly an increasing body of evidence now supports that increasing hemoglobins in anemic cancer patients is associated with improved quality of life. Blood transfusions are safer now then ever, but will always carry some inherent risks. As patients live longer with cancer and receive chemotherapy longer and with greater dose intensity, it may be more important to devise strategies to intervene sooner with agents like epoetin to blunt the anemia associated with cancer therapy.
